- 1 - DESCRI PTI ON PHOTOVASK BLANK, PHOTOVASK AND
METHOD FOR PRODUCI NG THOSE Technical Field [0001]

The present. invention relates to techni ques for
fabricating a photomask bl ank and a photonmask used
for fabricating a sem conductor integrated circuit, a
CCD (charge-coupl ed device), a color filter for an
LCD (liquid crystal display device), a nagnetic head
and so on. Background Art [0002] Finercircuitpatterns
have grown in demand in response to finer processing
of sem conductor devices in recent years,

part | arly in response to higher |evels of
inﬂ%%&%%?%ﬁ*%f | arge scale integrated circuits. In
order to achieve finer circuit patterns,

at echni quef ornmakingfine lines in a wiring pattern

e KHOYOMAS Ka BLANKC Ll iIPHO TOMA SXC ARD QerHodr FomkiroBuaThic AeI0SE

pattern of acontacthol e usedforwi ringbetween | ayers
making up a cell, and other techniques are necessary.

Theggnki ads tt er ni nghavebeenper f or mredbyopti ca
Iithod%%%ﬁyF%%ﬁﬁg phot omasks, and thus techni ques for

fogovoxy fi ner photonmask patterns with high precision
have been demanded. [0003]

The present invention relates to techniques for
fabricating a photomask blank and a photomask used for
fabricating a semiconductor integrated circuit, a CCD
{charge-coupled device), a color filter for an LCD (liquid

crystal display device), a magnetic head and so on.

Background Art

[0oo2]

Finer circuit patterns have grown in demand in response
to finer processing of semiconductor devices in recent ysars,
particularly in response to higher levels of integzration of
large scale intégrated circuits. In order to achieve finer
circuit patterns, a technique formakingfine lines in awiring
pattern making up a circuit, a technique for making a fine
battern of a contact hole used for wiring between layers making
up a cell, and other techniques are necessary. These kinds |
of patterning have been performed by optical litliography using
Photomasks, and thus techniques for forming finer photomask

-patterns with high precision have been demanded.
{00031}
In order to form a photomask pattern on a photomask

substrate with high precision, it is necessary to first form



In order to forma photonmask pattern on a phot omask
substrate with high precision, it is necessary to

first form - 2 - a resist pattern on a phot onask
bl ank with high precision. Actually a sem conduct or
substrate is processed by optical |ithography using

reduced projection, and thus the size of a pattern
formed on a photonask used in thi's exposure process
is generally about four times as |arge as the size of
a pattern to be printed on t'he substrate. [0004]
However, the sizes of circuit patterns witten by

ti ; L h b I than th
T R N i S T S

a pattvelby S 8@hdcdnAubtédd FRBs Bfatcll 891338 $HaPsfan
a witten circuit pattern is used as a phot omask

pattidPRIrarhy ysihd freduded proiecioheranehshape sfzd be
phgltﬁg%sélén%atte%n as jt.is on a resist filmdue to
the Tniluence of rit BRPEPETES I ThERTT REPRFUTE Rfffoess
genergneda iy Aol CXRAStnkes A:@iafdu s th&s2le O!Et#@:q:em
been necessary to forma photomask pattern wt

exteebelprihtgh @r abeséabstonta. phot omask serving as a

rraz{)(g&_of a witten circuit pattern. In order to
redu e]the i nfluence of the interference or the |like

of |1 ORby il NGheBRAT Wees I pattern. o,
so-cal | ed OPC pgtegt&%r% %;éfﬁ%\fi%ﬁlgpgg%;f%sc‘%nlﬁtf%’? Shtical
s hgdhogitapha hagat hdn Mudl isb@e £ thaHl thd abl-&1dh be
used in sonme cases. [0005] As descri bed above,

al CPOPHTE i1dmBY ridpRgcent hnpnsies When aobatiierinngimply four

p%gg?sklgraté%rsng% thh patterni r&g accuracy is .
desired as 1n opt recar PP FByP i ERFTHgdépitdern is
peiskardd 8enbitbRask pagted19iP N SRS Y GPlransfer the
substrates and so on. Alimted resolution s
gé&hape|dfythes piobenark patiesriobs litt hognhaphysist £ilm due
performance. However, in reality, a |lithography
t gﬁ: £ dﬂgluence of interference or the like of 1light generated
during exposure. For this reason, it has been necessary to
£orm a photomask pattern with extremely high precision on
a photomask serving as a master of a written circuit pattern.
In order to. reduce the influence of the interference or the
like of light during exposure, a photomask pattern {so-called
OPC pattern) having a more complicated shape than an actually
. written circuit pattern may be used in some cases.
[0005]

As described above, also in lithography techniques for
obtaining photomask patterns, high patterning accuxacy is
desired as in optical 1ithography techniques for performing
fine processing -on semiconductor substrates and so on. A

limitedresolution is generallyusedas anindexof lithography

performance.  However, in reality, a lithography technique



- 3 - for a process of patterning a photomask
requires a limted resolution equal to or higher than
that of an optical |ithography technique for a
process of printing a pattern forned on the photomask
onto a sem conductor substrate. [0006] Photomask
patterns have been mainly fornmed by el ectron beam
exposure, though an exposing nethod using Iight has
been available. Generally, a photoresist filmis
first formed on a phot omask bIrank including a |light
shielding | ayer on a transparent substrate, a pattern

i i Lt t h toresist filmb | ect
boals o Bl e pBPELALEY: 2 ot aheaR, cPOpLEe €0t iidied
a resdclutPed lejtAl i & OBt RiGRd: ALk ethdhRE, axlﬁ’a‘ dﬂﬁ%ﬁi”

(phot omask pattern) including a |light shielding part
andlighogremivu technigmet £o5 & ProeeshpFupHIr inde ar £5t tSdrn
pattern.as an etching mask for a mask |ayer. An
ordinary fadRe BRrmRsK oploy R REPRPIEPFERE b sErake:
antggpegy ective layer and a |ight shielding |ayer.

[ 0007] As finer photoinask patterns are formed, finer
resi st Rhatomasisparierhern®et b¥heRadhly Forne€sbylelectron
pattern is made finer wthout reducing the thickness
of "§%T ¥Ptune; | though aasegrospag meghed nging Lightehahbegn
Mgk r increases in.aspect ratio (a,
a8, (Rl Y. ¢ REREOSE o ALY rPme o
pad titoromh st Mank Ganandiny, a Wight! B8: &6R8G! 16844 Gk
a resist pattern increases, the shape of the pattern
i s“ZAPsPaEeicT IS tophe o2 PREten hyjwiblet emomuitecphatforesist

tlfﬁg%%prrigg he pattern to a mask |ayer with the
r €57 st 2 patt ef h- S Pkt g Photeresis ki iadaved ored.

i Fsoef.(ﬁéftemi'e%3§€§:at§epﬁ”its tained. After that, a pattern
(photomask pattern) including a light shielding part and a
Lranslucent part is formed by using the resist pattern as
an etching mask for a mask layer. An ordinary mask layer has

-a laminated structure of an antireflective layer and a light
shielding layer.

[0007]

-As finer photomask patterns are formed, Tiner resist
pattern‘s are formed. When only aresist pattern ismade finer
without reducing the thickness of a resist film, a resist
part acting as an etching mask for a mask layer increases
in aspect ratio.{a ratio between the thickness of the resist
f£ilm and a pattern width). Generally, when the aspect ratio
of a resist pattern increases, the shape of the pattern is
apt to deteriorate, reducing the accuracy of transferring
the pattern to a mask layer with the resist pattern serving

as an etching mask. Moreover, in extreme cases, a bart of



- 4 - the resist pattern may fall or cone off, so
that pattern | oss may occur. Therefore, as finer
phot omask patterns are formed, it is necessary to
reduce the thickness of a resist used as an etching
mask for patterning a nmask |ayer and prevent an

extrenely high aspect ratio. [0008]

Incidentally, a nunber of naterials have been al ready
proposed as light shielding filmmaterials for
perform ng patterning on a nhsk |ayer by using a
resist as an etching nmask. O these materials,

regatdi ng.etching of a chrom um conpound film a
| ar 35@9 a‘ﬁ%bﬁ'f Paft?gﬁﬁ‘f%%ﬁﬂloﬂr icong £l A9l Ehal pattern loss
Pr aghi 68dulS Opned | S .al s_used _as a

i ghtyshil:el ding T ?P%%%ﬁ%ﬁ’%% T B CERR AT formed,
subst dist hetdspaes ttabbéBhedtRs thiskadabs HLEsESSLREA as

process. . For exa%e, Pat ent docunent 1 (Japanese
Pat ht*tChiRE MBekh 993 P2UTINing 47 Opsk Rakenind erenent b

(J%ﬁglf%ﬁgt?%}%q;%ggom. 2003-195483) , and

Pat ent docune apan€ese Registered Uility Mdel
No.[®093632) di scl ose exanpl es of the configuration
of a photomask blank in which a |ight shielding film
havi ng Hoipgrtaldlyi. ek divmgeprafhentyricasanass vekn already

ph?'t‘:g e|& glsagifﬂi‘&f o{f_é{l:_ exposure i s made of a .
chfs lic Ofp _s h qH%gC gm&pr%¢ﬁ§|fpgh§erform1ng
S hp&tﬂiﬂﬂnf}' c_hfna' ﬁaé@tl_a? r QRDHLM?%) a”%% Ost7 7asng}1 ’et%?igmg
the light shielding fil'mhaving This Hi cKifeds 9%
paifage.nelf dheye wiattleraales irebad@ilg etching of a chromium
compound film, a large amount of information is available.
In practical use, a chrome compound is always used as a light
shielding film material, which has been substantialiy
established as a standard processing process. For example,
Patent document 1 (Japanese Patent Laid-Open No. 2003-195479),
' Patent document 2 (Japanese Patent Laid-OpenNo. 2003-195483),
and Patent document 3 (Japanese Registered Utilii:y Model No.
3093632) disclose examples of the configuration of a photomask
blank in which a light shielding film having a 1ight shielding
property demanded of photomask blanks for ArF exposure is
made of a chromium compound. The thickness of the light
shielding film is set at about 50 nm to 77 nm, and the light
shielding f£ilm having this thickness is patterned only with
a resist mask.
[0009]
A light shielding £ilm of a chromium £ilm and a chromium
- compound f£ilm is generally patterned by chlorine-based dry

etching containing oxygen. In many cases, this etching



[ 0009) A light shielding filmof a chrom um
filmand a chrom um conpound filmis generally
patterned by chlorine-based dry etching containing
oxygen. In many cases, this etching - 5 - condition
produces an etching effect that is not negligible on
an organic filmsuch as a resist. Thus when etching
the light shielding filmwith a relatively thin
resist filmserving as a mask, the resist is damged
and the shape of the resist_pattern is changed during
the etching, so that it becones difficult to
precisely transfer the original resist pattern onto
t he FPRfHttichipebdiag gjlle%h]{ 0010] However, it is.
techgi gal Ly difficult to al TofFetphutionesia neyhi G,
i s an or gadfRis fifm swehhayvg ﬁéﬁ%itng esi stance ©
(pl asgntgﬂglﬁggnge%menabl ing a hi gh rESdfhan ehclangy the
hi gh patterning®at Y Hdya retansvery argat, 1,0, reduce the
| 0a8® Grmzek, ethes re il 39 Jhe etching of a Sitdtitmserving
shiﬂ&ieg_g film amaged and the shape of the resi
ist

[0010)

N Y at -

1oad on a regigt during the etching o



and form a photomask pattern with higher precision,
of the |ight shielding

the selection of a materi al
filmhas to be reexam ned. [Patent docunent /]
(Pat ent

Japanese Patent Laid-Open No. 2003-195479
docunment 2] Japanese Patent Lai d-OQpen No. 2003-195483

[ Pat ent docunent 3] Japanese Registered Utility Mode

No. 3093632 [Patent docunment 43 Japanese Patent
Lai d- Open No. 2001-312043  [-Patent docunent 5]
Japanese Patent Laid-Open No. 63-85553 Di scl osure of
| nvention Problemto be sol vefl by the invention - 6

" (9eady,

[0012]

p
)



As to a material of a light shielding film a nunber
O exam nation exanpl es have been already avail abl e.
For exanple, in Patent docunment 4 (Japanese Patent
Lai d- Open No. 2001-312043) , an exanple is reported
in which a tantalumnetal filmis used as a |ight
shielding layer for ArF exposure. In this exanple,

méthﬁ t antialymenetal of i | mosvesed agea kight shigl difg 1ess
er and a tantalumoxide filmis used as an

Uqtdfeectn¥e Hhayfer CATRGE TSR alMahi ekFiES s BfF i@dmagkectron
bééﬂ“ﬁ}éé%%§%d'n%uEQ%%% t@°dﬁ§¥@5315§ Setiat QPOHtpKQtomask

ition to sucha ayere ructure in ord

blteokr ethicgenetoaly opeafoesidt bdaedngnt lve e@f:]rﬁm@l\@fty, and
l%&ﬁ% Tﬁgﬁjh?yerWavgfe %ﬁ g%y%%T nm is used for a defect
inspection o©of a mask for ArF exposure. For a correct
defect inspection, a reflectivity of about 10% to 20% is
" necessary in light having this wavelength. However, when
using the Si0; film as an etching mask, the reflectivity of
the 8i0, film becomes too high and interferes with the
defect inspection.

[0013]

As described above, in the layered structure of the
conventional photomask blank, it is difficult to
sufficiently respond to a need for high-precision formation
of a fine photomask pattern. This problem 1s serious
particularly in a photomask pattern for Ar¥F exposure in
which exposure 1light has a short wavelength and a high
resolution is necessary.

[0014]

Embodiments of the present invention seek to provide a
photomask blank and a photomask fabricated wusing the
photomask blank. The photomask blank has a configuration
capable of reducing a load cn a photoresist used as a mask
when forming a photomask pattern and capabkle of forming a
fine photomask pattern with high precision, and the
photomask blank has physical properties required for a

defect inspection and so on.

Means for solving problem



is etched by fluorine gas plasma that causes

relatively |l ess danage on the resist . However, even

if such etching conditions are selected, a reduction

in the load on the resist is |imted during the

etching of the mask | ayer as long as the |ight

shi el ding layer and antireffective layer having a
[0&3&?' thi ckness of about 70 nmare used only with the

rst serving as an etching mask. It is thus

di fAteetdidg sufdn chepdty osathsfyrasareedidwintion, there
 high-precision formation of a fine W?Sk attern. .
is[ GERILIER fREPOChét izl 1 4%cHi RN '+ Educi g 5209
a | 0adon &F I §Sicita AWy NG dryh &tGRHANG M M NGk hRfidg  an

mask have been attenpted in the past. For exanple,
anpaireficdbevdrehtySr ( 9Apan E APat TP L @icd-{Ggen Wg.ch cannot

e
cogtehhnggmaskgem 8L02béséd fandredaonbe hetclyed by chlorine-
based dry etching containing oxygen ((Cl + 0O} based), the
antireflective laver being stacked on a 1light shielding
layer of a metal film which cannot be substantially etched
by chlorine-based dry etching containing oxygen ((Cl + O]
based) and can be etched by chlorine-based dry etching not
containing oxygen (C1 based) and fluorine-based dry etching
(F based), a first step of patterning the antireflective
layer by (Cl + ©) -based dry etching using & resist mask
formed by patterning on a principle surface of the
antireflective layer, and a second step of patterning the
light shielding layer by F-based dry etching using the
patterned antiieflective layer as a hard mask; wherein the

resist mask has a thickness of 100 nm to 250 nm.



metal suicide film However, the Si02 filmis |ess
conductive and thus charge-up may occur during
el ectron beam exposure. Further, a defect inspection
of a photomask bl ank is generally perforned based on
areflectivity, and |light having a wavel ength of 257
nmis used for a defect iné%%ction of a mask for ArF
sure. For a correct defect inspection, a
reflectivity of about 10%to 20%is necessary in _
| | gﬁhehé\?itﬁé tHilg& wev ePERGE R Howev EELahhé Uty theinly
cog‘lpgﬁ%e | -as, cam gl ohi oy %Lermrﬁé‘t 2t e f@ﬁgﬁghtvgeme%ftebhefmm
[ | m becones too high an interferes wt
tagefadoin i (ispecttiwomstdep018]) , zirdwidesctibed @ainayﬂllhﬂf

the | ayered struct th hot
v T G PP By aut T CRL | A7 bepand t §aneniun

(xeed for hlgh preci sion formation of a fine photonmask
attern. This problemis serious particularly in a
tlomask pattern for ArF exposure in which exposure
l'i ghti-bRSr 2 Slftor t sWayed enein andhathi aie r asefnit i ORiéSding
necessary. [0014] Enbodi ments of the present
ia{YWen3e$oﬁla§éeKJH 0°pr dvi HeuhA phbf oras Kt Enkfak@sa has an
%taqm&{n{)& 6@%%%9 1% phof, oask p!eﬂ%wér heo the
otonas configuration capable
wan@d@@lgmg afl gagpoonra photitresinst hesed alshJa:h’rwsﬂé whenl 5 nm
%rn1ng a photomask pattern and capable of formng a
ot omask pattern with high precision, and the
[O@h@qonask bl ank has physical properties required for
a defect inspectiaon and 0 ns for solvin .
pr oBPERYVRT{ 005] 13 rﬁ%@B?g%ﬁg'E 1hnt5§be8Pt6?efh%Ctlve
ag,r%semasl n¥eNt boRinthese | sodradided mathed ob.2 to 1.0
abricating a photomask, conprising: a step of
rededpaei H a-lphotoRasRIBFANRL] FEPed§ dnoht and includes
at@Mitef | 66Live: | ay ek 1 0f 1 3l Glp KORPOEN, f Lhm whi §bllc1de
cannot be substantially etched by chl orine-based dry
flénchlngTh©t dontgim ngoopyged (8 basedramd can bempound
a8 hedob cglor P&%%? dry etching containing
6 geﬁ ?% ¢ 6% ase the antireflective |ayer
belng stacked on a Ilght shi el ding |l ayer of a netal
fil mwhich cannot be substantially etched by
chl ori ne-based dry etching containing oxygen ((C +
0) based) and can be etched by chlorine-based dry
et chi ng not containing oxygen (C based) and
fluorine-based dry etching (F based), a first step of
patterning the antireflective layer by (O + 0)
-based dry etching using a resist nask formed by
patterning on a principle surface of the
antireflective |layer, and a second step of patterning
the light shielding | ayer by F-based dry etching
using the patterned antireflective |layer as a hard
mask; wherein the resist mask has a thickness of 100
nmto 250 nm



8a [0016] The nmetal filmis preferably a netal

or alloy mainly conposed of at |east one netallic

el enent selected fromtantalum (Ta), tungsten (W,

zirconium (Zr), hafnium (Hf), vanadi um (V), niobium

(Nb), alumnum (Al'), and germanium (Ge). [0017]

Further, it is preferable tRat the Ii ght shi el di ng
oRider dkﬁfdﬁﬁ%@l ypafi, playrabityif aBtehafdl M 1thass more

an optical density OD of not lower than 2 relative to
prefferavel ermth cheexposemient | ghtpodnd Hads a & hieRpesstion

f . 0138] v itds
ra% églgr gﬁgeﬂ)t %gt t égnt]algtr efl%%t%‘ﬁfag%f hasOI ato 60 at.
oxgxknnctd)on Coebf isdi emt .k ofitBo@eto (WO reglcat@P vecot @0 at.

tg)_e W?éﬁl ength of exposure Iight and includes at
&Rt ‘one of a chrom um conpound filmand a silicide
[ofvitlem  The chrom um conpound is preferably a conpound

mai nl y conposed of chromum 9 oxide, chrom um

ni tbrﬂ‘i’ﬁ%ov%lfr nFE% | gl Ehr et e, PTE TS HoMe prefBrapte mainly

coh{&%fsehheof‘hr&rrﬂll&srf:oes&%@d has1 fc&OMAsidilqe) I aRgi &011con
from30 to 85 at. % chrom um(Cr) 0 to 60 at.% oxygen

OXyORR Gt iBE .at . Wb niitr orere (Nyciandobet §ha6 dtheypsilicide
ha%aerﬂn&§951tlon ranging from 10 to 57 at.% SlllCOH‘(Sl),

0 to 60 at.% oxygen {C), 0 to 57 at.®% nitrogen (N}, and 0

0\0

0\0

to 30 at.% carbon (C}.
[0020]

[0021]



[0019] Moreover, the suicide is preferably a
conpound mai nly conposed of silicon oxide, silicon
nitride, or silicon oxygen nitride. It is nore
preferable that the silicide has a conposition
ranging from 10 to 57 at.%silicon (Si), 0 to 60 at.%
~oxygen (0), 0 to 57 at.%nit%ogen (N), and 0 to 30
- [o@bo% carbon (C). [0020] [0021] - [0022] [0023]
[0024] [0025] 11 [0026] Further, it is
preferable to include, subsequently to the second
[0%5%9' a step of additionally providing a second
resist mask formed by patterning on the patterned
antireflective layer after the resist mask is
[0%gggved, and a step of patterning the antireflective
I r and the light shielding |ayer by dry etching
usi ng the second resist nask.

[C025]



Ef fect of the invention [0027] I n enbodi nents

of the present invention, materials having different
etching characteristics (different kinds of material)

are selected as the materials of the antireflective

| ayer and the |ight shielding |ayer, the

configuration of a neM/phoﬂ&nask bl ank is used for
[obegycing a load on a resist nmask by using the etching
select|V|ty during the formati on of a phot omask

pat Ferhemndit hé scomsssiraldns tahdlrt%u@%wes@éssezﬁuently to

fil ki up .t e
B e
recasfi gutatid onfcapadl e bgf reductmgiray | oad omhwhe patterned
resi sk and form_ng a . fine photomask pattern
AL BPELLET ONHRA May oRate phyRick Bropert | erovad,” and
a &gy Ibed sheteandafeehel a&la@@ta'fp@ctﬂm Ba phiot o@Skhe 1ight
fabricated using the phot pmask bl ank. Brief
shpedinpt i IV Of Phe BFAWHGEO028F179 he second resist
makhkgure 1 is a sectional schematic view for explaining

an exanple of the basic configuration of a photomask
bl ank according to the present invention;

Ei.gur al schematic view for explaining
EfggggugFuF ?eggﬁ%ﬁé%ﬁghlchthephotonaskblankofthepresen

[on2i7avention is configures as a phase shift mask

bl ank; Fi qures 3E are draw ngs.for .
exp¥%1rﬁWﬁf%&ﬂﬁP%@es?feﬁg | PO XD aﬁﬁyﬁg%lon’ materials

hatReBr aCessd GRT 0B 0F tdﬂmala@te@maskcbl anld raecendi Nginds
to the present inventjon; gures 4A t0_41 are

ofdr TGS 2or &GS ai FEHRCET i raf pF Bes@adeinpre it the

an%wlm@wgvé he Y HCegabing iy 06898 +0f i Phasey Shiahbr, the
mask bl ank according to the present invention; and

COFIfggFl@St$Nt©f5§ are dhawbrgskfbrarikpl ai neag Bosetofdcing
- PSP O B B AL OEESLD BEOEEER Ly
dukmmgnttba formation of a photomask pattern, and the
conpositions and thicknesses of films making up these
layers are properly selected, thereby providing a photomask
blank that may have a configuration capable of reducing a
load on the resist mask and forming a fine photomask
pattern with high ©precision and may have physical

properties required for a defect inspection, and a

photomask fabricated using the photomask blank.

Brief Description of the Drawings

[0028]



substrate 12 -1ight shielding | ayer
| ayer

Description of the Synmbols [0029] 11 phot omask
13 antireflective

14 buffer layer 15 etching stopper |ayer 16
phase shift layer 17, 17aresist film - 13 - [0030]

- 12 -

Figure 1 is a sectional schematic view for explaining

an example of the basic configuration of a photomask blank

according to the present invention:

Figure 2 is a sectional schematic view for explaining
astructuralexampleinwhichthephotomaskblankofthepresent
invention is configures as a phase shift mask blank;

Figures 3A to 3E are drawings for explaining a process
exampleforexplainingtheprocessingprocessofthephotomask
blank according to the present invention;

Figures 4A to 4I are drawings for explaining a first
process example for explaining the processing process of a
phase shift mask blank according to the present invention;
and

Figures 5A to 5I are drawings for explaining a second
process e#ample for explaining the processing process of a

phase shift mask blank according to the present invention.

Description of the Symbols
[0029]

11 photomask substrate
12 1light shielding layer
13 éntireflective layexr
14 buffer layer

15 etching stopper layer
16 phase shift layer

17, 17a resist £ilm

Detail Description of the Invention



The present invention wll now be described wth
reference to the acconpanyi ng drawi ngs. The i nventor
et al. have earnestly conducted studies to solve a
probl em of reducing a load on a resist mask that 1is
used during the formati on of a photomask pattern. As
aresult, it has been found that by optimally

sel ecting and conbi ning materials having different
dry etching characteristics_ for an antireflective

| ayer and a |ight shieldingfayer that nake up a mask
| ayer, it is possible to reduce a |oad on a resi st
nas Hring the formati on of a photonmask pattern and
obt a1 4 phot omask (bl ank) havi ng physical properties
[equi 1 ethd grefeieiRClnt 3PRELE Ab AR 300 Qllock0RP

For a light shielding layer 1ncluded rn a
coreépremmaltoptiod Graekphhyinly, akbeingane material as an
antireflective |layer has been selected in view of

faci | i t'X€ SAVSRH@Ts PR f hade| earnestinecdraincitedt sonlies
pr e Lreflective |ayer and the

R et dras PR Ph g E 1ol o frrefit nesic tnas

chas actedr a6tims thaEbrmall6f %S a fhdtlomBkR rm, As a

processing the antireflective |layer and the |ight

shfefHithglt dipsr brem framd tbat by thtimaldyi selemisiog and
tireflective |layer. [0032] In

gt L A A T
CQﬂfd:r@@Eéfiél&cis nf&pieﬁh a%lféfﬂ&lpévi%]:d iaFlEeé eﬁ! ht
etching characteristics (different kinds of material)
ardisdfing ddves timitemiakbsupia ansBMidyesf,| @€tiy Pokdybie
ar_]:d ?:'etlitllgehta :SL’Q:!LE loczill r:'151(‘:’:1:esist mask during the formation of
a photomask pattern and obtain a photomask (blank) having
physical properties required for a defect inspection and so
on.,
[00631]
For a light shielding layer included in a conventional
~ photomask blank, the same material as an antireflective layer
has been selected in view of facilitation and simplification
of the fabrication process. Hence, the antireflective layexr
and the light shielding layer have similar etching
rcharacteristics . and a process of etching and processing the
antireflective layer and the light shielding layer has been
used with a resist mask provided on the antireflective layer.
[0032]
7 In contrast, the present invention uses a new
configuration in which materials having different etching

characteristics (different kinds of material) are selected

as materials of an antireflective layer and a light shielding



- 14 - layer and a |l oad on a resist mask during the
formation of a photonmask pattern is reduced using the
etching selectivity. [0033] Wen using the etching
selectivity of the antireflective |layer and the

l'ight shielding | ayer, a resist mask can be used ,

for exanple, only as the etching mask of the
antireflective layer and the light shielding | ayer
can be etched by using thq_?gt;erned antireflective

| ayer as a hard mask (specifically described |ater)
As a result, a load on the resist mask is reduced and
a chanhge h of .aresist pattern is .
congi der a fiy"EI Irlggﬁcogg% 5§65t Haf™f edl% "gi {"llé? foguptton of
pat & ghotiaspipAttERl ¥s rbansdLis By dHe dthGiing selectivity.
antireflective layer. By etching the |ight shielding

| ayE18A3¢h the patterned antireflective layer serving
as a h Q;W%%ﬁ tg pregeter 1 ned phot omask pattern is
preci sel y L TanSreP S e SR PRECTIIGRLY ShitPeantdTrElRgtive
(OQ34br and the MERRYShiotiy §80erCORl LW AL haBy dart B2
phot omask bl ank of the present 1nvention, the tinme o
et &iseflg. Uit gxaiEler, eondy amthei sttingt sasad @ndnéhus
the thickness of a resist can be reduced. Therefore,
a fihe" SHER R 2BETt &t WGetighth shaekding dapeniqam be
aspest i Lt [ oj d-probl ens
aboie oL B URLAT s pelcheBaR AL ErdAoRERLE 13V ER 8" nara
denask OspicidisAnpe deschitpal 1£tdh) .2 20k ki1t 08S16MEon
to a partially exfoliated resist pattern, and so on.

[ Hifsgesist mapkeispgeducafisand @ sbiegs ef theleshapecof a

c AN hat. the antireflective |ayer has physica
oo M cblflysl dpedderably SEapecd. & Ehat The ftanoat

antbs3igt@attditifs pédi 4ea yi11ancPEOMEANY { SPAL Re;

bl ank descri bed Fn Japagése Pat ent Laid-%pen .Eklve

63998553 Byeltehing tleclighit shiefl di helaydsd wiall eigatterned
i nspection

I%¥$n %g not sq high as to make a _def ect
difffFEEttectine 1avel sprviiRg &%t & Bardimerkpa termined

FRESLIbEAl burase uPRdCBELAYY | RaREFALIANSR M 4he
shielding layer.
[0034]

Moreover, with the configuration of the photomask blank
of the present invention, the time of etching using the resist
mask is shortened and thus the thickness of a resist can be
reduced. Therefore, a fine photomask pattern does not cause
a too high aspect ratio and it is possible to avoid problems

. about pattern transfer accuracy reduced by a deteriorated
shapeofapattern,apatternlossduetoapartiallyexfoliated
resist pattern, and so on.
[0035]
. The materials are selected under the <conditions that

~ the antireflective layer has physical properties required



[ Enbodi nent 1] [0036) (Basic configuration of a
phot omask bl ank) [0037] Figure 1 is a sectiona
schematic view for explaining an exanple of the basic
configuration of a photomask bl ank of the present
i nvention. The photomask bl ank includes, on one
principle surface of a photomask substrate 11, a
netal filmas a light shielding layer 12. The netal
filmcannot be substantially etched by chlorine-based
dry etching containing oxygen ((CA + 0)-based dry
et ching) and can be etched by chlorine-based dry
et chi ng not containing oxygen (Cl-based dry etching)
andf9q gofeFrsth aserpatipn eanthisey opF- Bhyeddmildkehting) .

T maskbl ankf ur i ncl.udes,. aqn.the |ight

S SPRETS CpROY gk 1Ak aeieetned ¢4 | fanaoda patent
antidiatopst e 6553 3. th Rt 86 CARGUIET it annot

be substantially etched by chlorine-based dry etching
notangérebiatitige odargenig Glotb&seligh asetohnaly) aandfean

be .et ched byat | east ] ] _
onéBFRAT BN &HHSBYE r y FPENPRYTTHE APFHPHNGERY Yéh! (Recmore

+- @ a@f@.ﬁﬂlgﬁ &Eéﬁ%ﬁ%ﬁﬂ%“é&&ﬁh&‘@ '&@f‘lﬁxdtlﬁer Yollowing
etching (F-based dry etching). The ﬁ%otonas
submbedimentd. i S not

[Embodiment 1]

[0036]

(Basic configuration of a photomask blank)

[0037]

Figure 1 is a sectional schematic view for explaining
an example of the basic configuration of a photomask blank |
of the present invention. The photomask blank includes, on
one principle surface of a photomask substrate 11, a metal
film as a light shielding layer 12. The metal film cannot
be substantially etched by chlorine-based dry etching
.containing oxygen ((CL + O)-based dry etching) and can be
etched by chlorine-based dry etching not containing oxygen
(Cl-based dry etching) and fluorine-based dry etching
(F-baseddryetching). . The photomask blank further includes,
on the light shielding layer 12, a metal compound Tfilm as
an antireTlective layer 13. The metal compound film cannot
be substantially etched by chlorine-based dry etching not

- containing oxygen (Cl-based dry etching} and can be etched
byatleastoneofchlorine-baseddryetchingcontainingoxygen
((Cl +.0)-based dry etching) and fluorine-based dry etching

(F-based dry etching). The photomask substrate 11 is not



transparent substrate made of quartz gl ass,

alum nosilicate gl ass,
this case

16 - particularly limted and may be an ordi nary
CF2,

or other materials. [0038] In
the conditions of (O + 0) -based dry

etching may be known conditions conventionally used

for
film and the conditions of (O + 0)

etching are not particul arl
the m xing ratio of chlorin
gas: 02 gas)

volune flow rate ratio,
h elq)itﬁﬁlgﬁaagg &ﬁmlted and may be an ordinary transparent

performng dry etching on a chrom um conpound
- based dry

i limted. For exanple,
6gas and oxygen gas (Cl2
is set at 1:2 to 20:1 in terns of the
and i nert gas containing

substrate made of quartz glass, CF;, aluminosilicate glass,
or other materials.

[0038]
In this case, the conditions of {ClL +0}-based dry etching

may be known conditions conventionally used for performing
dry etching on a chromium compound f£film, and the conditions
of (Cl + 0)-based dry etching are not particularly limited.
For example, the mixing ratio of chlorine gas and oxygen gas
(C1; gas: 0, gas) is set at 1:2 to 20:1 in terms of the volume

flow rate ratio, and inert gas containing helium and so on

is mixed when necessary. Further, it has been confirmed that

when oxygen gas is mixed with a volume flow rate ratio of
5% or higher relative to chlorine gas, etching does not
substantially proceed on the metal film used as the light
shielding layer of the photomask blank of the present invention,
In the subsequent embodiments, including the present
embodiment, -etching gas mixed with gas containing <chloxrine
gas with a flow rate of 20 sccm, oxygen gas with a £flow rate
of 9scem, andheliumgaswithaflowrate of 80 scemis introduced
into an etching chamber, a pressure in the chamber is set

at 2 Pa, and then dry etching is performed.

[0039]
Moreover, in the conditions of Cl-based dry etching.
the volume mixing ratio of oxygen gas is set lower than 5%

relative to chlorine gas. It is generxally preferable to use

only chlorine gas as etching gas. In this embodiment, only



is mxed when necessary. Further, it has been
confined that when oxygen gas is mxed with a vol une
flowrate ratio of 5% or higher relative to chlorine
gas, etching does not substantially proceed on the
metal filmused as the |ight shielding | ayer of the
phot omask bl ank of the present invention. In the
subsequent enbodi nents, including the present

enbodi nent, etching gas m xed with gas contai ni ng
chlorine gas with a flow rat®e of 20 scam oxygen gas
wth a flowrate of 9 sccm and heliumgas wth a
flowrate of 80 seemis introduced into an etchin

chdP3EFine, opF #dEh et 197 ¥l ehafpwion s usedpnd gighing
angskh t.ehi | 0 1003

Mor g ovg(?inq.)irﬂrgmt8 h‘gﬂélg %d#’ ??%%Loéggj ki t?ag'lgd‘%lcﬁ 3(/: hg{n ?:?ﬁ ng,

t hdoeebune m xing rati o of oxygen gas is set |ower
than 5%relative to chlorine gas. It is generally

pr ef er deedItp used Hemr F-bRsed iy ghshing dschi ng gas.

I n I.s. enhodi ment . onl - 17_.- chlaqrine gas wth.a
fimn_s:tng-g?n%nslgg rﬁas é/uch as ZFheCl’mPe F%; in gGa\%a ontaining

fl ow ra was used &

PeokPydEAniti $d) oh REPLSISY!Ra0E whePAnbBeddifChafhehis
[ 0040] The gas used for F-based dry etching is

f | efrddimenbntCaFnoag igavsedic ndy GF4 gandvildi-6. fiEasrate

cont ai ni ng oxygen and. so on may be added when.
et 205k TR heds b BRTRIFAILS FrEhg ahambeq sk sebrtly

C2F@sgas with a flowrate of 20 scan is used, and a
pressure in the chanber is set at 2 Pa. [0041) As a
nelte@i41ji Il mfor the Iight shielding [ayer 12 having
such etching characteristics, a netal filmminly

conposEiadietatHln Ser khadighit shigddime Layer igheeing
(\g.lch éécrhgggiclﬁ@rdéc%era}isttics, a metal film mainly composed
of metals such as tantalum (Ta), tungsten (W), zirconium{Zr),
hafnium (Hf), vanadium (V), niobium (Nb), aluminum (A1)}, and
germanium (Ge) is available. These materials have a higher
extinction coefficient than a chromium (Cr) metal film in
light having a wavelength of 193 nm used €or ArF exposure,
and thus these materials are advantageous to a reduction of
thickness. These metal films may be. used as single layers
or a plurality of different metal f£ilms may be stacked to
formthe light shielding layer12. Moreover, the compositions
of these metal £ilms are not limited to single elements and
an alloy of two or more metals selected from the metallic
elements may be used.
{0042]
In order to allow such a metal £ilm to act as the light
shielding layer 12 of a photeomask, it is necessary to provide

a sufficient light shielding property against exposure light



haf ni um (Hf ), vanadi um (V), niobium (Nb), alum num
(Al'), and germanium (Ge) is available. These
mat eri al s have a hi gher extinction coefficient than a
chromum (Cr) nmetal filmin [ight having a wavel ength
of 193 tun used for ArF exposure, and thus these
materi al s are advantageous to a reduction of

t hi ckness. These netal filns may be used as single

| ayers or a plurality of different netal filnms may be
stacked to formthe Iight shPet ding layer 12.

Mor eover, the conpositions of these netal filns are
not limted to single elenents and an alloy of two or
nor 'és‘?‘rgﬁm% rhatelitRqorIRliy PRecenst anf it &+ amefesabdy to
be wmsedn : r i Il ow. such a_ net al
filmto a({:ﬂt%qéél g ﬁrésjltlyg(h({bqso %izg(%rcﬁ 1#818?%‘/3 g?tll‘? § SEposure
photigss k Pairt 1 &6l 418¢AaDEYr £6 sPE @Hb 86 va186 b 2GiaMgher
l'ight shielding property against exposure |ight - 18
- ddreiphodopag 50% AED grRPFepregpessranlight wavelength
pr ef e.to have ptical densit D) of 2

b 1 S e £84 Sy EFer Bt uc i o phe Phemaricp 1em
Or @€T the pFehedNanCBn¥odile tAk %hiQknBEONGY the'mdfld £1
photomask for ArF exposure (exposure |ight maveleng%ﬂ
= 19Prafjradabteingt dhinmadyt daxppl.i ot ke oohet hand, when

hot o bl ank_of the present invention, the
Ito h?‘tc‘: %gi‘é 5155 P tﬁﬁt‘%ﬂmﬁifﬁﬁf“i 5 SPeridTgsl 2 deed pecemes
NMEY hbARPSh- thg‘e{(_ﬁﬁngt Mce@;@p d ’Th%ey ghg&ge@scgf So°nm
o | a | oa 00

of the netal filmis fo arge, eCOIes
hextvylesn isherefehitily EopORSR:isEhpist erinlihg ke 3he0 150k
nmaqr less is preferable for precise patterning of

t FEPLGHRY J1YeEditg | ayer 12. [0043] Furt her
tq%oqggal filmmay contain nonnetals such as oxygen,
nitrogen, and carbon. Wen the netal filmcontains

the nanaehats e Re€el FAIRA APYBALLIn MhfetdNE shbANs
shi el ding property of the light shielding |ayer

deFEgedr aitcogand and pecboms whéd ithel tettad pilndicBnBains

p Edeterni ed optical density. Particularly in the
case ng?m%\t%ﬁo?fo SR P ARCYYYy oF BBFS ¢ &b A9t shbebRin

f iahl d h it
f e e R e R T

drebdies digttabubf t6idutaga ™ pEeldteimi AEE 0¥ IGENabSs AT .
at. % or _less. [0044 Such alight shielding | ayer
EaT tieuiarkibdn Shetcasepifos phatkmasihblank Sobfabr keutvimg

SRR 2oL Y BaPr Ry fochotr Broeiie Watpukiseny
aRthesk ot Bedsd AL of AU, Nbifhdh RECHPLRT ¥ §80css,

and the total of nitrogen, carbon, and oxygen is 40 at.% or

less.
[0044]
Suchalight shielding layer canbe formedon the photomask
substrate by a known and ordinary technigue including a vacuum
deposition method and a sputtering method. However, a

sputtering method using a target containing a predetermined



- 19 - netal nmekes it possible to easily obtain a

filmof high uniformty. [0045] As a material of

the antireflective |ayer 13 provided on the |ight

shielding layer 12 nade of Rmterials selected thus, a

chrom um conpound or silicide is selected. A chrom um

conpound is easily etched by chl ori ne- based dry

et chi ng cont ai ni ng oxy (C . +0 based) but_ has

BeEHi n§2kasi st apeesil %h?%rf?%lbﬁs@atﬁw atEhiRgehopiob

conﬁalnln oxygen (A based) and fluorine-based dry
thPAYEYF based) . Further, silicide can be etched

F Eéforlne based dry etching (F based) but has

% ance to chlorine-based dry etching containing
oxyg ( base a L he-bas :
etch?%%ghoatgg%%%i%?ng%%x§gggp%§;é€§§g%)fQY%%ﬁ%ﬁprOVldEd

Jablies I shaws, ifar:het tl%?e'i‘”@@ﬁ&é@déf‘gnﬁeflms selected
foll owi ng expl anati on, ching characteristics

{hesdanmpomingerohPeudl ¥ red Chi i € 08 didhicote0f hhevromium
materials ("ETCHED' indicates that etching is

penponnedi anda s NOF EcED by ndhtat tse tthate@tchy nglching
does not substantially occur). [0047] [Table 1] LAYER
MATERLALNEF oxygen ( (CL + O) based)} but has etching resistance
fochlorine~baseddryetchingnet containingoxygen (Cl based)
and fluorine-based dry etching (F based). Further, silicide
can be etched by fluorine-based dry etching (F based) but
has resistance to chlorine—based dry etching containing
oxygen ((Cl + O) based) and chlorine-based dry etching not
containing oxygen {(Cl based).
[0046]

Table 1 shows, for better understanding of the following
éxplanation, etching characteristics (tendency) under the
dry etching conditions of the materials (“ETCHED” indicates

that etching is performed and “NOT ETCHED” indicates that

etching does not substantially occur).

[0047]
[Table 1]
LAYER MATERTIAL E cl (C1+0)
based based based
ANTIREFLECTIVE CHROMIUM NOT NOT ETCHED
LAYER COMPOUND ETCHED ETCHED
ANTIREFLECTIVE NOT NOT
LAYER SILICIDE ETCHED ETCHED ETCHEED
LIGHT NOT
SHIELDING METAL FILM ETCHED ETCHED
FTCHED
LAYER




based C based (Cl1+0) based ANTI REFLECTI VE LAYER
ANTI REFLECTI VE LAYER CHROM UM COVPOUND
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[0048]

A chromium compound film having such etching
characteristics includes a film mainly composed of chromium
oxide and chromium nitride or nitride chromate. The chromium
compound filmmay containnonmetals suchas carbon and fluorine.
The antireflective £ilm may be formed of a chromium compound

film having a single composition. Moreover, chromium

compound f£ilms having a plurality of different compositions
may be stacked to form an antireflective layer. The
antireflective layer of the chromium compound film can be

obtained by a known method such as reactive sputtering using

chromium as a target.

[0049]
The specific atomic composition of the chromium compound

Tilm is selected such that an extinction coefficient k is

0.2tol.0relative toexposure light. For example, the atomic

composition ranges £rom chromium (Cr) = 30 at.$% to 85 at.s,
oxygen (0) = 0 at.% to 60 at.%, nitrogen (N) = 0 at.% to 50
at.%, and carbon (C) = 0 at.% to 20 at.%. When the
antireflective layer is formed of a chromium compound, the
thickness is determined according o conditions including
the wavelength of light used for inspecting a mask. When
fabricating a mask for ArF exposure, the thickness is

breferably set at about 15 nm to 30 nm. The antireflective

layer of the chromium compound film having the composition
and the thickness has a reflectivity of 10% to 20% relative
to light having aﬁavelength of 257 nmwhich is arepresentative

. wavelength for inspecting a reflectivity.



SI LI CI DE NOT ETCHED ETCHED NOT ETCHED NOT ETCHED
ETCHED NOT ETCHED
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[0050]

An ordinary resist is not so resistant to chlorine-based
dry etching containing oxygen ((Cl + Q) based) and thus is
susceptible to damage in the etching process. However, by
reducing the thickness of the antireflective layer to about
15 nm to 30 nm, the patterning of the antireflective layer
can be completed before the shape of the resist pattern is
changed by damage. It is thus possible to transfer the

original resist pattern onto the antireflective layer with

high precision.

[0051]

A silicide filmhaving the above etching characteristics
includes a film containing silicon oxide and silicon nitride
or silicon oxygen nitride (silicide film} and a film formed
by containing oxide and nitride or silicon oxygen nitride
of transition metals in these films (a £ilm of a silicon
transition metal compound). These films may contain carbon.

- The antireflective‘ layer may be formed of a silicide film
havingasingle composition. Moreover, silicidefilms having
a plurality of differenf compositions may be stacked to form
the antireflective layer.

[0052]
Transition metals contained in the film include, for
example, molybdenum (Mo), tantalum (Ta), tungsten (W),
zirconium (Zr), hafnium (Hf), vanadium (V), and niobium (Nh).
Molybdenum is preferable in view of ease of etching. When
a silicon ¢transition metal -compound {(for example, MoSiON)

obtained by selecting molybdenum as such a transition metal



LI GHT SHI ELDI NG LAYER METAL FI LM ETCHED ETCHED NOT
ETCHED - 20 - [0048]
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is used for the antireflective layer and the antireflective
layer is combined with the light shielding layer, preferable
etching is achieved as compared with a combination of the
antireflective layer of the tantalum oxide film and the light

shielding layer of the tantalum film in Japanese Patent

Laid-Open No. 2001-312043. Thus a photomask pattern can be

obtained with high precision.

{0053]
Further, the silicide compound £ilm obtained by
containingsilicide and the silicon transitionmetal or carbon

in these £ilms can be obtained by a known method. For example,

the known method includes reactive sputtering which is
performed in reactive gas or mixed air flow of reactive gas
and argon by using silicon, molybdenum silicide, molybdenum

and silicon, or molybdenum silicide and silicon as a target.

[0054]
The specific atomic composition of the silicide £ilm
-is also selected such that the extinction coefficient k is

0.2 to 1.0 relative to exposure light. For example, the

composition ranges from a transition metal (My.) = 0.2 at.%
to 25 at:%, silicon.(Si) = 10 at.% to 57 at.%, oxygen (O)
= 0 at.® to 60 at.%, nitrogen (N) = 0 at.% to 57 at.%, and

carboa (C) = 0 at.$ 40 30 at.¥. When the antireflective layer

is formed of silicide, the thickness is determined according
to conditions including the wavelength of light used for

When fabricating a mask for ArF exposure,
The

inspecting a mask.
the thickness is preferably set at about 15 nm to 30 nm.

antireflective layer of the silicide film having the



A chrom um conmpound fil m having such etching
characteristics includes a filmminly conposed of
chrom um oxide and chromumnitride or nitride
chromate. The chrom um conpound film may contain
nonnet al s such as carbon and fluorine. The
antireflective filmmy be fornmed of a chrom um
compound fil mhaving a single conposition. NMbreover,
chrom um conpound filnms having a plurality of

di fferent conpositions may ®& stacked to form an
antireflective layer. The antireflective |ayer of the
chrom um conpound fil mcan be obtained by a known

met HIRCsLEIPraand ddet tickagas thas) agrafbienyivhrowifundo
a tarng .0049] .The, s ific atom g C ition, of .
he AN Bk Frd e BHP B 4 o hh sy o=
extd pepreiRneseidd GhediedythSedd 2ndfbckiBal £hakh¥geiAty.
exposure light. For exanple, the atom ¢ conposition

rad§885From chromium (Cr) = 30 at.%to 85 at. oxygen

(0) :%at.%_to, 60 at.t, nitrogen ( =0 at.%to 50
at. % aid TEERI Eye gtk shielging Laven angpthe t he

ankhtBidAebt e 1AYEE havihg’ SR %ftcﬁixggp (BT Y eristics.

conmpound, the thickness 1S determned according to
cobige tangihsef Iucitu s Ntpterecavavel engida afind ghtestsadmbex
i ns ectin% a_mask. Wien fabricating a mask for ArF -
ex?a‘gE the shiplding dpyes sap Pemiched iy ysivg the nafderned
n LN irefl Y ayer of the chrom um
co@n%tgﬁﬁgl%lrﬁgh%?% $é g%érr‘%ﬁ%sk(i' on and the

t Hioolsagss has a reflectivity of 10%to 20% rel ative
to light having a wavel ength of 257 =which is a

r epr esEhPahey svorndee| Wyt Belestingspedtiongum compound as

r %f lnaetgeta:ri:iaillt ¥>'f the 2:;il'nt_:i.::‘eflective layer, patterning is
performed on the antireflective layer by using the resist
mask through chlorine-based dry etching containing oxygen
((C1 +0) based). 1In this dryetching process, the metai film
of the light shielding layer is resistant to chlorine-based
dry etching containing oxygen ((Cl + O) based) and thus is
not substantially etched. Therefore, by using the patterned
antireflective layer as a hardmask, the 1ight shielding layer
can be etched by chlorine-based dry etching not containing

- oxygen (Cl based) or fluorine-based dry etching (F based).
Moreover, the antireflective layer is not substantially
etched in chlorine-based dry etching not containing oxygen
(C1 based) and fluorine-based dry eiching (F based) which
are the etching conditions of the antireflective layer. Thus
the pattern shape of the hardmask includingthe antireflective
layer is not changed and a photomask pattern can be formed

on the light shielding layer with high precision.



(0050) An ordinary resist is not so resistant

to chlorine-based dry etching containing oxygen ((Cl

+ 0) based) and thus is susceptible to damage in the

et chi ng process. However, by reducing the thickness

of the antireflective layer to about 15 nmto 30 nm

the patterning of the antireflective |ayer can be

conpl eted before the shape of the resist pattern is

changed by damage. It is thus possible to transfer

the original resist pattern2dmo the antireflective

| ayer with high precision. (0051) A silicide

film having the above etching characteristics

i ncf¥éd a filmcontaining silicon oxide and silicon

nitrid 11 oxygen nitride (siligi ilm and

a film oflrrélai%cgﬁglgnf%?lrﬁlr% oii%é“a%ﬁ l%fto%ieég‘eor

Si |dmraRe fretde e Nalyel- @ hefarithi 2881 ddtQRe BERLSi d Bub IRSRa

filnms ga filmof a silicon transition nmetal conpound)
appfd 45y ebphd ne viiusingriberre sist maski. r &l extinagy

ia r. e forne f suyi.cjde filmhaving a single
coRBLTT E3tR R Gvaf N HiPhe T e AT the
pl @bahimngfofqﬁfga%argtcﬁeﬂepswﬁwgg%x]wxemhéh@%ﬁ%im

formthe antireflective layer. [0
Tr anshtingF-pesetl inyositchiingd s ek dhed sudoeskneélydei th @he

exappl.e, nolybdenum (M), tantalum (Ta) , tungsten

(W E SR co he ERES Tt eat AT ) Of wakisdoanPranting

angl yyseR &Y Q@p}}ung!\%ﬁ%gﬁn}jgnﬂh% BE?Is.et[ ?%ltt%ehq c\:/atme\{\)’e
hi ng- ransi net a

of ease of “etchin en a Silicon i on
canflatthde (yf arightaipl the MoSh{N) pebtassed by sel ecting
nmol ybdenum as such a transition netal - 22 - s
usderbpdimante 2dnt i ref | ective | ayer and the

aqgoﬁgplective | ayer is conbined with the |ight
shi'e ng |l ayer, preferable etching is achieved as

CqPRass brirk hmds e Aiinkgt i on of the antireflective
| ayer of the tantalumoxide filmand the Iight :

shoesell ng | ayer of the tantalumfilmin Japanese
Patent Lai d-Open No. 2001-312043. Thus a phot omask
pat t efrPasinblanik B ihreBreFant RHrynticadiay bp configured

as a phase shift mask blank.
{0060]
Figure 2 is a sectional gchematic view for explaining
a structural example of a photomask blank of the present
invention. The photomask blénk is configured as a phase shift
mask blank. A transparent or translucent phase shift layer
16 is provided on oneprinciple surface of aphotomask substrate
1l. A light shielding layer 12 and an antireflective layer
13 (described above) are sequentially stacked on the phase
shift layer 16. A variety of known phase shift films can be
used for the phase shift layer 16, and the phase shift layer
16 may be a composite £ilm formed by combining these films.

Further, the absorber material of the phase shift layer 16



[ 0053] Further, the silicide conpound film
obt ai ned by containing silicide and the silicon
transition nmetal or carbon in these filnms can be
obt ai ned by a known nethod. For exanple, the known
met hod i ncludes reactive sputtering which is
perfornmed in reactive gas or mxed air flow of
reacti ve gas and argon by using silicon, nolybdenum
sui ci de, nol ybdenum and silicon, or nolybdenum
silicide and silicon as a"t&rdet. [0054] The
specific atom c conposition of the silicide film is
al so sel ected such that the extinction coefficient k

i s TP Ferlacedbvith pehelf topgdwitegipl din fomp@ halftone
ex lsg, sition ranges froma transition
rre??las(gl\/ﬁi)rﬁ:ig?gp't.%to 25 at. t, silicon (Si) = 10
at .9wev]1 57 at. t, oxygen (0) = 0 at.%to 60 at.t,
nitrogen (N = 0 at.%to 57 at.t, and carbon (C) =

at . % t d@erardencated\werl4 had g ilneFigens e afrayerovffer

f or SLLi G the thickness i det er m ned

a_cc::L g? i (r%ldt éhc:%t_rf%‘l%in oﬁgoqpr? Cl E‘?ﬂ'?{g' tﬁléeﬁﬁa\}éﬂlpf ghgtH o f ot
|'i ghwrazts @dcédyaryN6R€ GreNgraviiRakas YBER: faPLiCatd MY o
mask for ArF exposure, the thickness'is preferably

sethe pppbisti08 pugpnos® o8 @ phatomdsiebhatk r effk dstriicsdless

| ayer _of .the silicide filmhaving the - 23 -
cgyn%osg?’tthgg i BERRisigL R e Pukfer layeadd 9nd4prothe

1 Oé)rﬁdlﬁnﬁ O2edpplat i Mferd 9511 PBbL W t@d‘é‘ﬁg @ngsﬁégeo‘;hgég

nmwhich is a representative wavel en

| mesdchlavgk efridd ecebont wmbp@OEmMt and thuBytk&u¥dilBye6s
the light shielding layer and the antireflective

| P& PHhRE Hgleduth adthationg sk bdrak copfigured asfiescribed

anti &R l,ye, ! ayer can be etched using a resist
mask an(]’ tte(ke%sf’n' el ding | ayer can be etched by using

t heopajterned antireflective |layer as a hard nask.
[0056] In other words, when selecting a chrom um
conpoddegsribedaboval vafionheoafilgusitientiare dvaykible

pg(tnt__gi;ni ﬂ% is perforned on the antireflective |ayer

by O& ?‘B sﬁ%sp ﬁ:g?yer l6. Apreferable example of ahighly
transparet_lt filmincludes a single-layer filmmainly composed
of siliconoxideandsiliconnitrideorsilicon oxygennitride,
or a composite film in which these films are stacked. |
0063}

When the phase shift layer 16 is made up of a £film for
-attenuating transmitted light, the filmincludes a £ilm mainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride (silicide £ilm) and a film :E(_)Imed by containing oxide
and nitride or silicon oxygen nitride of transition metals

- in these metals (£ilm of silicon transition metal compound) .
Thesefilmsmay containcarbon. Further, the phaseshift layexr
16 may be formed using a transition metal thin film as a

transmitted light attenuation film.



mask t hrough chlorine-based dry etching containing
oxygen ((ClL + 0) based) . In this dry etching
process, the netal filmof the |ight shielding |ayer
is resistant to chlorine-based dry etching containing
oxygen ((Cl1 + 0) based) and thus is not substantially
etched. Therefore, by using the patterned
antireflective layer as a hard nmask, the |ight
shi el ding |l ayer can be etched by chlorine-based dry
et ching not containing oxygéh tC based) or
fluorine-based dry etching (F based) . Mreover, the
anttreflective | ayer is not substantially etched in
chl 699%fd- based dry etching not containing oxygen (C

are. et Fhe BRERE SHEPELSEY 8 & a e eserB iepe heet

| ayByerThise thep@aitionnos hdRerohid e HA5EOBSK such that
including the antireflective |ayer is not changed and

a phéts ager t & m oxnmpkt flowerredfidm whdel 0ghthe above

shi el di laver with high precision. - 24 - [0057]
V%ér% tggﬁ%cst I?%Sg as‘fﬁaﬁsﬂ‘étg%n fht%dr Fat0§rand g phase shift
antamb8ht &5t h¥Gud 3%k, the antireflective layer is
subjected to F-based dry etching by using the resi st
madR96%h ordinary resist filmhas relatively high

ce under the conditions of F-based etching.

i st
Thus e JBRR FELACEHIS 1Ef & MRESRIAI eS| thsgokadmsbartdpyer
t £6) BhatSes i Mi.bh the etchi f
et b Bg; tér%llcéh%%ﬂpg%elﬁéq&%ﬁ W ag,gyegca fﬂ'dg%.a%ggé ’

the antireflective yer o I Cl

drheefeliiowgng advantdagd ik taesed! tRAGr¢ dtBdghfocess
relatively light in the etching process. (Embodi nent
2)°% BegsBhagerplaift 1avex Lhwombhhed i) th @B65Fight shieAding

TSl 0 Bl S Be RNl LN RO, TSSO LSS
dry etching can be performed with high precision.
[0066])

An example of the halftone phase shift film enabling
fluorine-based dry etching (F based) includes a £ilm mainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride ( s:_i.licide. film) and a film formed by containing oxide
and nitride or silicon oxygen nitride of transition metals
in these films (a film of asilicon transitionmetal compound).
These films can be used as either of single-layer films or
£ilms making up a composite film of a halftone phase shift
film by controlling the content of oxygen and nitrogen or

transition metals in the films. An example of the composite
filmmade up of these £ilms includes a composite £ilm obtained
by combining the silicide film, a silicon transition metal

compound film, a metal silicide £ilm mainly composed of these



(0060) Figure 2 is a sectional schematic view
for explaining a structural exanple of a phot omask

bl ank of the present invention. The photomask bl ank
is configured as a phase shift nmask blank. A
transparent or translucent phase shift layer 16 is
provi ded on- one principle surface of a phot omask
substrate 11. A light shielding |ayer 12 and an
antireflective layer 13 (described above) are
sequential |y stacked on the2ptrase shift |ayer 16. A
vari ety of known phase shift filns can be used for
the phase shift layer 16, and the phase shift |ayer
16 °jRdg @Bfpddietalffiin maindky defresnbiofi Relrttesan
filpgs r, .t rber material of the phase
shiéfﬂt%1 Fgﬁ%l 6°r-@§§g?§l?rhy be replaced with a

hal lEmbbeingitesj al to forma hal ftone phase shift
| ayer. LOO61] Layers denoted as 14 and 15 in Figure 2
ard?86Blif fer |ayer and an etching stopper |ayer.

Th | ayers are not al ways necessary but are

or ST TSRS o klip e oREE DI RGOE TS (e® AUGEPRATE flank)
pugrpess) of a photomask blank. It is needl ess to say
that the provision of the buffer |ayer 14 and/or the
et chi ngnstheppesehfiegbodtmérst Nt ekxanpledf tthet frodelsaseg
shift mask blank of the present enbodi nent and thus

t h%%o_ec qsgfé:‘ raqu?éfff'“ﬁ‘é’f B?‘W HEH Py d.ﬁsﬁﬂmgnaﬂleml@ﬁpmask
c qﬂfdr&q_rn%qu@és Mf&%eb@i@%ﬁ@é (f'ﬂron[i%b;:%lnpound .

As descri bed above, various contigurations are
aViai ltabl soXlewih§eepianatsbn f ttHea ROt dfaskAbRat Akl e
exanpl e of a highly transparent filmincludes a

sisfgrelled dinary maghi wlank dapodtiguse bl Hncdriaxicddy a

cartgBk; vl (1SGeT bd IS ShRF vy hir e
provided on a transparent photomask substrate.

[0069]

Figures 3A to 3E are process drawings for explaining

the processing process of the present embodiment. First, a
light shielding layer 12 including a metal film having the
composition and thickness desqribed in Embodiment 1 and an
antireflective layer 13 made of a chromium compound are
sequentially stacked on a transparent photomask substrate
1l. A resist f£ilm 17 is formed on the antireflective layer
13 (Figure 3A). Inorder toprevent the occurrence of problems
such as the exfoliation and falling of a fine pattern in the
subsequent process, it is preferable to perform surface
treatment for reducing the surface energy of the photomask
substrate 11 before the formation of the resist film 17.

[0070]



[ 0063] When the phase shift layer 16 is made up
of a filmfor attenuating transmtted light, the film
includes a filmminly made of silicon oxide and
silicon nitride or silicon oxygen nitride (silicide
film and a filmfornmed by containing oxi de and
nitride or silicon oxygen nitride of transition
netals in these netals (filmof silicon transition
nmet al conpound). These filnmsmay contai n carbon
Further, the phase shift Fay®r-16 may be formed using
a transitlon metal thin filmas a transmtted |ight
attenuation film - 26 - [0064] When t he phase
shift | &yreferahle gethad P’én‘é"epﬁ!ig%a%hitwa#"w@r inglygles
co r dj ust ed uch hat

ol T e e oG A AR a i B R R LA Phiomask
aboumsmetes iy 6shap h@x&x&&ﬂ&mdt:i.h@ﬂﬁ%x@f (ﬁ%sl)q 4RYeRN
a phase shift anmount of about 180. [0065] When
selr@@Pﬂﬁ{cjlY 48eq ippa semarorduatior fiudeatind prbagsy. 464

b) fl based tch
R Y T e Pl S RO
et 6Bi PkALIE RS usé 4 hetRE@E aiabégldgayﬁé sll@fseéfmmﬂe
with the light shielding | ayer does not becone

c o%?t@muﬂmtsaﬂmmmaf yhasgdrthoe etaitnagt agant

erfor d with high precision. [0066]
ex nrﬁ'i PP Hed At PRINARE b "crfPF’P hreaineRt ggent

f |6&R{d e Q@ﬁﬁ%eq:{fyttﬁat trkgn %Ea §: té Tfl ug?éhgur%ace

mai nly made of silicoh oxl I con ni

Si ineadmenk Vige perfidrmed et § S¢idae etlfel hﬂifﬁédeﬂefgh} BE the
formed by containing oxide and nitride or silicon
o%é:ﬁmﬁ'flf PRt rgtetldarand thep areaist inaphbbed 414 deidd

|I| on _tran ne ound These
¢ PERe gRoBndsiC Rubd ARy LP oSty BRE S08Lb 1 e bf.
f IAler maaisw O£ WouRs6 OMRRSESfa it ok Y amk@lﬁlg,oafe 9@9:?.&
shift filmby controlling the content of oxygen and
nARd ofesn megthod arfs dcy bng ndtealresiat tdre proéperlyABelected
exanpl e of the conposite filmmade up of these filns
i AEF g e o sSiLEE PR¥9RIFt-ai ned by conbi ning the
Stedpide film a silicon transition netal conpound
Il'm a netal silicide filmmainly conposed of these

The used resist is properly selected according to awrite
system used for preparing a photomask pattern. As a resist
for electron beam (EB} writing, a positive or negative resist
having an aromatic skeleton in a polymer is generally used.
When fabricating a photomask having a finer patterm, it is
preferable to use a chemical amplification resist.

[0072]
The thickness of the resist £ilm 17 is set such that
an excellent pattern shape is obtained and the resist film
.17 can act as an etchingmask. Particularly when fabricating
a photomask for ArF exposure requiring the formation of a

fine pattern, it is necessary to set a relatively small



- 27 - conpounds, and a netal filmmainly conposed of
nmol ybdenum and tantal um or tungsten. [Enbodi nent 3]
[0067] (Exanple 1 of the processing process of a

phot omask bl ank) [0068] In the present

enbodi nent, an exanple of the processing process

of aphot omaskbl ankwi | | be descri bed. The phot omask

bl ank 1 ncludes an antireflectivel ayer of

achrom untonpound. In the follow ng explanation, the
phot omask bl ank is a so-cal P&d binary mask bl ank (see
Figure 1) in which only a light shielding | ayer and

theugnéjreflective | ayer are provided on a _
{1 aHCRAPERY TORoTIBSIIRUBLER A7 o POBGUI on aspept gitds

3A £ En iR RROC Cae UhAWhiALS {O1p:B¥REALYY DY 350 o
processi ng process of the present enbodi ment. FiTst,
a ldmghesshird dbng prayerally iseel adizsy amn@t aleski.| m
havi ng_t he conposition and thickness described in
End@47Aent 1 and an antireflective |ayer 13 made of a

h ' tially. st d, on ‘
(v anapare it SRare ABeg. ST T € BT eROePhane ¢

| s theweBfls ©Hilke7 aBldetebhAfdd MEvi Sy 8F oterd il SHEB t30hs
In order to prevent theoccurrenceof problens such as

t heuekfasl ithe iefichind Tegilstancofofaaf ived pasiet mitertihe.
suﬁ&sgwgqlpro%gﬁi it is,gﬁeferabletC)pertorm .
sUrTace treatheffiPdy 1egiel Mpterdaly e EPerkResF of
t r&m&@t@%‘étsiﬂ@ st fh Sorl hoPEf BE motd ?[)Ife%E% iyp Leff at
the resist film17. [0070] - 28 -
100 nm or more. When using “multilayer resist method” with
a combination of a resist using a silicone resin and a lower
film using an aromatic resin and “surface imaging method”
with a combination of an aromatic chemical amplification
resist and a silicone surface treatment agent, the total
thickness of the resist film 17 can be smaller than the above
values.
[0074]

Aresist pattern can be obtained by processing the resist
film 17 configured thus (Figure 3B). Although writing on the
resist f£ilm 17 at this point can be performed by a method
of photoirradiation, a method of EB irradiation is generally’
used, which is a preferable method for forming a fine pattern.
For example, when a chemical amplification resist is used

~and writing is performed on the resist by EB irradiation,
writing is generally performed with an electron beam having
an energy density of 3 mC/cm® to 30 mC/cm®, and heating and

development are performed after the writing, so that a resist

pattern is obtained.



A preferable method of the surface treatnent includes
a nethod of formng alkylsilyl on a surface of a

phot omask substrate by using hexanethyl di sil azane
(HVS), which is regularly used in a sem conduct or
fabrication process, and other organic silicon
surface treatnment agents. Further, it is possible to
use a nmethod of exposing the surface of the photomask
substrate 11 into gas of the surface treatnent agent
or a nmethod of directly appB§ing the surface
treatnment agent onto the surface of the photomask
substrate 11. Such surface treatnent is performed to

redl®%he surface energy of the photonask substrate
11, and resist is appljed_and dried on the
phot or aglté(g%g Gbst aetcglii%tagg ‘ngtBaiorfi 't r?é‘rPﬂé'i“%tCC’F"PPHHﬂS
As gattethed vyl cEDOKiSe - bhdds @2P0bLdARS BfnBRRLYE GG
resist and the nmethod of drying the resist are

pr dd&R1 Y O dhasede dFamwer 3 ng 2 descethat abater uaber the

[OQE1]+() b fge used resist is properly selected
~accordi ny 858 vﬁ’ﬁ‘?‘é“gﬁ‘l‘@ﬁﬁg’é‘ﬂ' fOf pFepng Kgte of an
PhoigaRek Mh! &idh 2852 a-dA%SLs IR GRLEERLON AT

(1313) witing, a positive or negative resist having
anfinorigtei-basdd ey artching (Fobayswry) .| ;ayeRasAldanaysash a
Wien fabricating a ghotonask having a finer pattern,

i t *PE g BRETEmY &5t 899RG dréngnthmietahpry fafc&hpon
{ Spioeh 0002l Loy 17,108 HRLOKIRRS Pyl IR S5k e
| Slaytetral 6Ll ad¢lthdrl@mIRRbstind ichl tk/g&YA6 2% 0 about
etching mask. Particularly when fabricating a
pHot §fatk F0ormArehabliogunioly egerisimn phectesimi wakhod
2 b8 R ELD malvinly s TRIERSELY o168 ed $58 am e
s
thickness of the resist is sufficiently larger than that of
the antireflective layer 13 to be etched.
[0076]

The light shielding layer 12 is patterned after the
patterning of the antireflective layer 13 (Figure 3D). As
described above, a metal film made of metals such as tantalum
and tungsten and an alloy is so resistant to etching as to
prevenf substantial etching in chlorine-based dry etching
containing oxygen ((Cl + O) based). Therefore, in order to
etch the light shielding layer 12, the etching condition is
changed to fluorine-based dry etching (F based) or
chlorine-based dry etching not containing oxygen {Cl based)
before patterning is performed. In the etching of the light
shielding layer 12, the chrémium compound film serving as

the antireflective layer 13 is not substantially etched in

any one of F-based and Cl-based dry etching conditions. Thus



- 29 - thickness for the resist film1l7 to prevent
an aspect ratio fromincreasing. The thickness is
preferably set at 350 nmor |ess and nore preferably
set at 250 nmor |ess. [0073] On the other
hand, the lower limt of the thickness of the resist
film17 is determned in view of overall conditions
such as the etching resistance of a used resi st
material. Wen using an ordinary resist material, the
thickness is preferably set34t-75 nmor nore and nore
preferably set at 100 nm or nore. \Wien using

"mul tilayer resist method” with a conbination of a

r estR& aﬁé!i?élacgwq tarRr Lagivffantent ivowets i lan eschrigg
an surface . ma net hod" with a
conEi thida Wl ARE n B 3008 Bt L dtrohe

r egestromel arithl &£0Ne€ surface treat ment agent, the
total thickness of the resist film17 can be smaller

t hd®o7hé above val ues. 10074) A resist pattern
can be t ai ed b grocessm the resist film17

conf i guf e&r Pyt &28E) 1379 dfolghe il efntkon t he
r e&hﬁirefﬂl'e@\:%?e @Eyézhi§ 2R8Itk ﬁ%@nt %&Q&?E%ﬁ?ep ¥2%hat

nmet hod of photoirradiation,
i r foei petitermed tweser ahd. yrmed,fmlm ah rém@idingl 65 atte
met hod for form n? a fine pattern. For exanple, when

a RAEHATOaR et eliionaan 36 1% eer§ealw WEP tihad a

t
: ?ﬁm| I 9‘“%%?#%%%“&5 hg&)ﬁ‘%e gllect ron %t&ﬁ??é‘\ﬂlﬁﬁeg

an(Rigekgysgpensity of 3 nC/cn2 to 30 nC/ cn2, and
heating and devel opment are performed after the
\/vr{iEE‘ibﬁgu"% #at a resist pattern is obtained. - 30
The antireflective layer 13 of a
chrom mcorrpound is patterned by chlorine-based dry

B
S A es, Prpe RRiARte o BBl Rt pladl ¢

efl@B7%h conditions, the etching rate of an organic
fllmsuch as a resist is higher than that of

f I uor ithe %E%%thye@qﬂwegte Fm‘b%’é@l’)le ofthe m;gnessmg

s Aph SR by ety 1068 oo pftemes

aLetrine 1aauzd@‘ lChhVErd ARic 143 Dlydr G Qﬂ%&‘d%o”pﬂw‘d
can be generally set at about 15 nmto 30

diiomagk Hhlginkp ogctize mrqaem:eembmnmthwmx Qﬁal &llso
ttergg@aw ng a thickness of 100 nmto 250 nut. The

CCRMBES A5F 2t PR Gaddpdt binawgy pppk i dmnky ip ghjeh embin @
tlﬁ@ﬁt Oéhiél%ﬁ&?;t i&?& ea%td Y:ﬁel gngreﬁecglgg leatyceregre

provided on a transparent photomask substrate. Thus the
pProcessing process is similar to that of Figures 3A to 3E.
A process of forming a resist pattern (Figures 3A and 3B)
can be performed in completely the samemanner as the processing
of the binary mask blank including the antireflective layer
of a chromium compound (described above), and thus the
explanation thereof is omitted.

[0080]



[0076] The light shielding layer 12 is patterned
after the patterning of the antireflective |ayer 13
(Figure 3D) . As described above, a netal film rmade
of nmetals such as tantal um and tungsten and an all oy
is so resistant to etching as to prevent substantia
etching in chlorine-based dry etching containing
oxygen ((ClL + 0) based) . Therefore, in order to etch
the light shielding |ayer 12, the etching condition
is changed to fluorine-base#dry etching (F based) or
chl orine-based dry etching not containing oxygen (C
based) before patterning is performed. In the etching
of the WRe¢hsedpreing Aglicifer a3 m makertak orf Ghe

conpay LM vi.ng .as. the antirefl| ective layer 13
i s not Qgﬁ%%%t&r‘{t% iejgﬁyle§ ’ e%c T ‘;Tfﬁergiﬁée SREDF cg-tﬁlaesfg' assd

G -dmamedg dioha@ t €6k NJAK Wi hbh PP SresEBYSmaterdhi-nad he
antireflective layer 13 sufficiently acts as an

et dflA§ITEK highrepsiat)ceartd Aigsgdr eteBimn Under the
processi can be rformed wth ease, [0077

AT FSPAEE] AP ARY SRSk Ty BF P ngaB fp B=SeHEe
aNtcbh &k RGithY & Jud¥8Es 3199 dilthCrrid ABLa B 7l h dnRe LAY BE
12 that are patterned thus, the resist film1l7

r e dgnder tie Fpbddeat eiethiagtdandfikdeii VHowewyear, i3 the
exfoliated, so that a binary photomask (having no

phGR%P ofi FichefyeRasFive etGhpnet dd 1FNGGPEST) to set the

thickness of a resist in consideration of damage occurring
during the etching of the metal £ilm. Therefore, considering
a reduction of the thickness of the resist, it is preferable
to adopt amethod of £irst patterning the antireflective layer
_by F-based dry etching and then patterning the light shielding
layer by Cl-based dry etching. By performing such two-step
etching, the patterned antireflective layer of silicide can
be used as a mask for Cl-based dry etching performed on the
light shielding layer. Thus even when the thickness of the
resist is reduced, a photomask pattern can be obtained with
high precision.
[Embodiment 5]
[o081]
(Processing process example of a 'phase shift mask blank)
[0082] |
In the present embodiment, an example of the processing
Aprocess of a phase shift mask blank will be described. The
phase shift mask blank includes a phase shift layer under
a light shielding layer of a metal f£ilm.

[0083]



[ Enbodi nent 4] [0078] (Processing process exanple 2
of a photonmask bl ank) [0079] In the present
enbodi ment, an exanple of the processing process of a
phot omask bl ank will be described. The phot omask

bl ank includes an antireflective [ayer of silicide.
The phot omask bl ank of the present enbodinent will be
al so described as a so-called binary mask bl ank in
which only a Iight shielding [ ayer and the
antireflective layer are pra®vided on a transparent
phot omask substrate. Thus the processing process is
simlar to that of Figures 3A to 3E. A process of

f or m ngFeguresi €t tpatl end Kiguges €8 84\ sndr8botbaprdiess

pen%:rned in conpletely the same manner as the
pr SEEYEPHHTRT oF Jmlﬁartyewagﬁe’ﬁﬁwwmsmfn@qm%sent

antdmieh Y
(descri %g%{ﬂabglvde@éﬁﬂg;es% g%ﬁe exp anatﬁ%ﬂl helrfé:o sk
i s bdahktiEdusEBO6 in- tBése avhemdsl acﬁtd@sﬁubﬁiﬂﬁn&&g
a material of the antireflective layer, it is

pr &f ’é?%?o‘itep?‘bt%%! 6Eigunes £ [smse 6B candhFiglrash §At ansh 58)

AsAR KK SRS T S EL A ot sures
4C and 5C) can be performed in completely the same manner
as the processing of the binary mask blank {described above)
and thus the explanation thereof is omitted.

{0084]

- After .the patterning of an antireflective layer i3, a
light shielding layer 12 and a phase shift layer 16 are etched
to form a phase shift mask pattern. ‘fhe processing process
can be offered in several variations.

[0085]

Figures 4A to 4I show an example in which the light
shielding layer 12 and the phase shift layer 16 are
simultaneously patterned under the F-based etching condition
_withbut reapplying a resist film 17 used for patterning the
antireflective layer 13 (Figure 4D}, and then the remaining
resist film 17 is - exfoliated (Figure 4E). Further, in this
process example, a resist mask (second resist mask) 17a is

-formed. (Figure 4F) which covers a portion finally left as

a mask layer and a portion where the phase shift layer is
removed (a portion where a substrate is exposed). The

antireflective layer 13 and the light shielding layer 12 are
removed by etching in the pther portions by the above technique

(Figures 4Gand 4H), and finally the resistmask 17a is removed,



F- based etching condition, etching can be perforned
concurrently (successively) with the netal filmthat
can be etched under the F-based etching condition.
However, in the case of such successive etching, it
IS necessary to set the thickness of a resist in
consi deration of damage occurring during the etching
of the netal film Therefore, considering a reduction
of the thickness of the resist, it is preferable to
adopt anet hodof first pattessing the antireflective

| ayer byP-baseddryet chi ngandt henpatt er ni ngt hel i ght
shielding | ayer by C-based dry etching. By
persorthang ptabe tshHfs tnegket € ioagletdie (Pagimsy REd. This
antireflective |layer of silicide can be used as a

madie PGP 16 RasAeERP ey yhed Bt ARt iTETAEF Rt LRvathts P grce

shigl di pg | A%E" matkiys;even when the thickness of the
resist is reduced, a photomask pattern can be

obt{@miosed wi th hi gh precision. [Enbodi ment 5] [0081]
(Processing process exanple of a phase shift nask
bl ank) Jr04Bg|present emppdimgntyr ke mecendotisietitmagh 17a

ok BRe U B GRRTT S oThe B SetAvR SE 1o
bl apj11dicobhl@B8 2oRPBI8e S Ainkila baySlonsiare Bhd Sk 1ayer
shielding | ayer of a netal film [0083]
is left on the resist film is exposed by pattern exposure.
Thereafter, when the entire surface is exposed by irradiating
light from the back side of a photomask substrate 11, the
resist is exposed only in an area where the phase shift layer
16 is removed. Therefore, by developing the resist, aresist
mask shown in Figure 4F is completed, whichprotects the portion
left as the mask layer and the portion where the subst_rate
is exposed.
[0087]

However, in this process, the thin resist 17 is removed
by etching in the etching process of the light shielding layer
12 and the phase shift layer 16 (process from Figures 4C to
Figure 4D), so that the surface of the antireflective layer
13 may be eiposed and etched. When etching occurs thus on
the antireflective layer 13, characteristic values such as
‘a reflectivity may be deviated from design values. For this
reason, in the process of Figures 4A to 4I, it is necessary
to set a '1arge thickness for the first provided resist f£ilm
17.

[0088]



_varilations.

- 33 - Figures 4A to 41 and Figures 5A to 51
are both process drawi ngs for explaining the
processi ng process of the present enbodinent . In the
processi ng process of the phase shift mask bl ank
illustrated in these drawi ngs, a process of formng a
resist pattern (Figures 4A and 4B and Fi gures 5A and
5B) and a process of patterning an antireflective

| ayer (Figures 4C and 5C) can be performed in

conpl etely the same manner 3% -t he processing of the
bi nary mask bl ank (described above) and thus the

expl anation thereof is omtted. [0084] After

t he pat ferordnay tef refucanthe ehidotdsseof ayer rdsistafi inghty

shi el di ng | ayer 12 and a phase shift layer 16 are
et cHEd S 8V¢ athhabeve ieblefs i th 6t Be§FibiReto adopt

pr %ﬁééﬁwoﬁ{p%g%fmg%u@g?og g%ﬁ@ﬁ@ﬁ&\ﬁb@'m er 13 is

to ow an exXanp

i N avehedmitrecdm@hing sihing| the@nk ayeri1 cbtiaadidyde phasee
shift layer 16 are sinultaneously patterned under the
F- Rddeat karmige contiher sasint mask covapbty Prly & paxdilon

fil for.patternjing._the antireflective |ayer
| e 38E e A RS Lk "a B L | O LRLE nathE.
17the sudrabkadedneFhgti @ ribitivdUlal/Rer 13 14 bbkStively

process exanple, a resist mask (second resist nmask)
17arokedted mster( FigyetehDig prpdeds .can@rthug tPer suoface of

figgllé lefé as.a mask layer and a portion where the
ph&d? 2Bkt FY-Hegyire Hevpe i ROk BTHSCoNT RhEpklegtivity
SUDStHhal 811k 19X OB CEhviatdB AN of RELEG 'x)é‘iu%?yer 13
and the light shielding layer 12 are Tenoved by
etldvgeg in the other portions by the above technique

(Figures 4G and 4H) , and finally the resist mask 17a
i s rentf &8, specific. afferrgamoyipHslhe sasiqt Al J7sused

AR LGt S TR0t RS 1007
MRher rédist £ilm 17a is additionally provided on the
antireflective layer 13 and patterned thereon (Figure 5E),
and finally only a portion to be left as a mask layer is masked.
When the phase shift layer 16 is a halftone phase shift layer
(halftone phase shift mask), demand for a finer mask layer
patternisrelativelylow. Therefore, itispossibletoselect
a resist material used for re-application while placing
importance on etching resistance rather than a resolution,
so that the surface of the antireflective layer is protected
from the subsequent etching process. Fuxrther, when using the
same resist material as the resist mask of the antireflective
layer 13, it is preferable to set a large thickness for the
resist. Next, the light shielding layer 12 and the phase shift

layer 16 are simultaneously patterned under the F etching



[ 0086] In the present enbodi nent, the second
resist mask 17a is forned using a negative resist.
The negative resist is applied on the front side, and
a portion where the mask layer is left on the resist
filmis exposed by pattern exposure. Thereafter, when
the entire surface is exposed by irradiating |ight
fromthe back side of a photomask substrate 11, the
resist is exposed only in an area where the phase
shift layer 16 is renoved.- Ifherefore, by devel opi ng
the resist, a resist mask shown in Figure 4F is

conpl eted, which protects the portion left as the
maskondayéen mdisting ther antdmefhersiviehbayuhst katah ésching
explgasid. %S{QIOS?L However, in this process, the

t hi e &TH9"#75F&- renoved by etching in the etching
progrsgjof the light shielding |ayer 12 and the phase
shift layer 16 (process fromFigures 4Cto Figure
4D), safitleat thie pattémdmgoftHehantnte ek e¢é iNgekayeios
13 may be exposed and etched. Wen et ching occurs

t hisCHP™MHE coRprred feciampaef HyefCl 3 O)k-frasad tdawi etghdng
va . eqlt Lvj e devi ated_ fr.om

d egl iggﬁg \ﬁlgf; E’g g‘?lia—eo({r S{, %llés:t r le%l'}s %?lgg?‘é na?‘t %tecq’bl PILEeE (Jitoure
Fi gay esadéert ohddl, thé 1i§hHSRELSIBMY 15esel> 6f h#e881 Film
thickness for the first provided resist film1l7. -
351¢ removed by, Car Haged dry eticeing (Bigqurieckiilesnd dhetdesist

resist. ftilml7 i le_avoi di ng the above problem it
i séb%"s%]lg%lles P USG5 ﬁ?e?%?)‘% agpalftiomer piiass: Sﬂ%"n magk
antd lcRhpeetdd/qrigyes s53.is a chrom um conpound film

the antireflective |ayer 13 once and then form ng

anid09aéd resi st mask covering only a portion finally
left as the mask |layer. According to this nethod, the
sur f adBed¥ 1t He BneeTeYete ifjeelyhattenn | theypask Lagpy.

2t SEPLAUEEAL ¥ SHUILAY, 7P bR B
ortha ¢whliagtds/iat yight bheeld#Ry pariiin.dewi ahed ddaM 8¢
desi gn val ue. :
1s necessary to set a relatively large thickness for the first
provided resist to easily keep the resist in the processing
process of the antireflective layer, the 1light shielding layer,
and the phase shift layer or it is necessary to design the
thickness in consideration of the denaturation of the
-antireflective layer in the processing process.

[0092]

When processing a blank for a phase shift mask using

a silicide £ilm as the antireflective layer, the resist can
bereappliedinthesamestepsasthecasewherefineprocessing
is necessary for the mask layer, in the processing of the
blank for the phase shift mask including the antireflective

layer of the chzromium compound.

[0093]



[ 0089] To be specific, after renoving the
resist film17 used when the antireflective |ayer 13
is patterned (Figure 5D), the resist film1l7a is
additionally provided on the antireflective |ayer 13
and patterned thereon (Figure 5E), and finally only a
portion to be left as a nask | ayer is masked. Wen

t he phase shift layer 16 is a halftone phase shift

| ayer (hal ftone phase shift mask), demand for a finer
mask | ayer pattern is relat3wvely low Therefore, it
is possible to select a resist material used for
re-application while placing i nmportance on etching
resi st aecphaitdrerskt hramka of eslad piresent Simviehaion md the
‘surface of the antireflective |layer is protected from

t h@PShaskuERPT A Ings b LR sPhOIfGF‘?ﬁ’é rbl"W’FeHa‘ﬂ%ﬂ?ﬁfn
t hQeSaH, eihsiqé“%&EBQ§yeﬁ%§ U366 L& SLa] aﬁ@éptéﬁaé just

antireflective layer is prefera 0 set

| aegempltscdresnp faent ey tRE ipThseMNexXhverd fiddnl dighthus the

shielding layer 12 and the phase shift |layer 16 are

si REPTrtedUeentipar farirtd 1amdesd the tireee (ﬁﬂh‘?élmeﬂf%

copdition by using the I ref ive |aye

etg %ﬂ?sn%% 1ﬁ%§aau?n Eﬂg?tg' g@%oalments gre Wi hln @ﬁ%
scope of the present invention and it is obvious from the
description that other various embodiments are available

within the scope of the present invention.

Industrial Applicability
ico94}

The present invention provides a photomask including
a fine photomask pattern formed with high precision, and a

photomask blank for providing the photomask.



After this patterning, the antireflective layer 13 of
a chrom um conpound is renoved by (O + 0) -based dry
etching using the provided resist film1l7a as an
etching mask (Figure SG . Afﬁger that, the Iight
shielding layer 12 of a metdf Tilmis renoved by

Cl -based dry etching (Figure 511) and the resist film
17a is exfoliated, so that a hal ftone phase shift
averskis s conpl eted (Figure 51). [0091] When it
is necessary to finely pattern the mask |layer, it is
preferable to reapply the resist imedi ately before
the etching of a light shielding pattern. In this
Tase? imethodnededsdmy cod g6t aabhetaliag&l y CrEPga s1ng:

thi ckness for_ the first provided resi tg%o,ea |I¥L
keepatﬁ@erpeﬁfstpfﬁeﬁ)atfﬁélgplaoé’é‘é’§ioﬁ‘§15§r S’ié‘ oG Hging an
tirefl ecti I , the |jght shieldi I . d
R s
t he thickne [ ' t] f t i f
G AR T b o R e e 8] Beefng no
1 . ' | A
s
attdf 8id 8ctiveq - anetn 1 hhe Jrasiisti rkpdk Reerk eapphi@dohed) ,

the sane steps as the case where fine processing is
fecessans fiettike maskrlvyelg dtaddel progeasisimgsaf elding
the bl ank for the phase shift mask including the
Bjd o efff ecinevell ayen wihithecaimonikmsobreuid.a1(1§088hed
- 37 - The phot omask bl ank of the present
by varitd roim eatich e qehotedmisiod algritedtredousixygerhd (C1 + 0)
phot omask bl ank have been described in the .
ot reevit sanThesetehbodpyrerit ko akee Thate @ imnplfes gy not
i mpl erenting the present invention and thus thde ,
FresERinGeeresn (F§ bted) e teringskased dry etching
enmbodi nents. Various nodifications of these

nms are wthin the scope of the present

. ti dit ] . ; h o= ‘
R S b
gEPPE &f_ﬁﬁec?rc%?yergtéﬂ/ﬁtd%g a resist mask formed by

patterningonaprinciple surface of theantireflective layer,

and

a second step of patterning the light shielding layer
by F-based dry etching using the patterned antireflective
layer as é hard mask:; :

wherein the resist mask has a thickness of 100 nm to

250 nm.



I ndustrial Applicability [0094] The present

i nvention provides a photomask including a fine

phot omask pattern forrmed with high precision, and a
phot omask bl ank for providing the photomask. - 38 -
CLAIMS 1. A nethod of fabrlégtrng a phot omask,

conpri si ng: a step of preparing a photonmask

bl ank i ncluding an antireflective |layer of a netal
compound fil mwhich cannot be substantially etched by
chl ori ne-based dry etching not containing oxygen (C
based) narichcchm e dtrched iy ehlpdctrealsds edodpyising:
et chi ng contai ni ng oxygen ( (Cl1+0) based) t he

ant i reefdsecierg Iyayer Uhei mgosirat kkdg¢row fa Clllagﬁ?t 1,
shielding layer of a nmetal filmwhich cannot be
substianteal Py éti@hééloﬁ?lélﬂl BEPHECHAS et SHGPet aRisdgt mask

t 0) b d d
w Séx”%@%%égc%&n@r 9neﬁeﬁ.%€‘§%¥3%€”a%"%q¢§ sy den aver
%é% andkgluorlne based g eg%hlng (F based),
??s %t%ﬁﬁ%ﬁ 3T ertt ng- tTREE AntTHef | ecti ve Iayer

by (d sﬂae@ pha sgtgixlﬁgcbwgar&lﬂf@fsur SU JRIK 2nd the

f or méd BFnrig on-a princrp ace o

I .
BRI LOBE o ooy B i

£ighing using the patterned antireflective |layer as a
hard mask; wherein the resist nmask has a
t hi ckness of 100 nmto 250 nm

3. The method of fabricating photomask blank according to
claim 1l or 2, wherein the metal film is ametal or alloymainly
composed of at least one metallic element selected from

tantaium (Ta), tungsten (W), zirconium (Zr.) ;, hafnium (HE),

vanadium (V), niobium (Nb), aluminum (Al), and germanium (Ge) .



- 39 - 2. A nmethod of fabricating a photonmask,
conprising: subsequently to the second step of claim

1, a step of additionally providing a second

resi st mask formed by patterning on the patterned
antireflective layer after tHe resist mask is

renoved, and a step of patterning the
antireflective layer and the Iight shielding | ayer by
dry etching using the second resist nask. 3. The

nmet hod of fabricating photomask bl-ank according to

€l ai mhk eetBodwhereiby tde imet ahoftbhmsiksb hametatcarding to
all oy mainly conposed of at |east one netallic

shenent ofebéefrd Iriomaamhelreim(Tad lidhihgdtiendiwg layer
zirconium (Zr) , hafnium (H ) , vanadium (V) ,

1 o den YIND) T |2 apLinF bt Y A9 StamlerGereremt um {ce) |

- 40 - 4. The method of fabricating photonmask bl ank
according to any one of clainms 1 to 3, wherein the

| i ght shi el di I i ad .of I ' f..
St ScRSEF HEEAPare T AL et REPHOASGH LB £ ATy ing t0
hot bl ank [ t | ai. .
R S L ReEr S i areeaet s02r Rl st aver
ﬁgs¥§ {Hﬁé§hé%%rg% 15 nm to 50 nm.

6. The method of fabricating photomask blank according to
any one of claims 1 to 5, wherein the antireflective layer
has an extinction coefficient k of 0.2 to 1.0 relative to

a wavelength of exposure light.

7. The method of fabricating photomask blank according to
any one of claims 1 to 6, wherein the antireflective layer
includes at least one of a chromium compound filmandasilicide

film.

8. The method of fabricating photomask blank according to
claim 7, wherein the chromium compound is a compound mainly
composed of chromium oxide, chromium nitride, or nitride

chromate.

9. The method of fabricating photomask blank accerding to
claim 7, wherein the silicide is a compound mainly composed

of silicon oxide, siliconnitride, or silicon oxygennitride.



6. The nmet hod of fabricating photomask bl ank

according to any one of clains 1 to 5 wherein the
antireflective |layer has an extinction coefficient k

~of 0.2 to 1.0 relative to a wavel ength of exposure
light. 7. The method of fabtitating photomask bl ank
according to any one of clains 1 to 6, wherein the
antireflective layer includes at | east one of a

chr omipeMueopBaund fid M and gy phbiendekiblank &cdthBing to
nmet hod of fabricating photomask bl ank according to
elaimyg, whereim the ehrbeddm eenpourd d:side conpotintd or
mai nl y conposed of chrom um oxide, chrom umnitride,

©f 1 hidie | abeyapdri amt ei de 90 f Thet mesthiadi af rfedlwli cat i ng

phot omask bl ank according to claim7, wherein the
silicide is a conpound nai nly conposed of silicon

oxi de, silicon nitride, or silicon oxygen nitride. -
Yl - The m¢héoﬁe@ﬁaﬁﬁwlqa@&n%§bpﬁ@%ﬁ§t k asiciding to
according to claim9, wherejn the suicide CJﬂé%gESfrom

elate, L t¥liefec bR §0¢ i Lo okygeh Mi'tdh de of° &

t iti . -11. Th hod of f i cating.
bttt sPEhR Satortimb e b LE0RTTE, ke oroThyn (20
t i ti tal |s.select 1 ol ybd Mb)
MR et dpdfe i e 2 )

haf ni um (Hf) , vanadium (V) , and niobium (Nb) . 12.
The net hod of fabricating photomask bl ank accordi ng

19, Cl@jdiincWheEeidhthentianghbicefafRtgl ahR dd®rding to
silicide has a concentration ranging fromO0.2 at.%to

2baah - 1%, whdrelhe vret hednet tfiahrheasi non pitat andskide has
bl ank according to any one of clainms 1 to 12, wherein

4 heoraadntteft 2ot | vend ayer fremnade aip- oftcoipounds fil ns
stacked with different conpositions. 14. The net hod

of fabricating photonmask bl ank according to any one

of claims 1 to 13, wherein the antireflective |ayer,

has &hehinekhessedfl s ¥a i @PRiemask blank according to

any one of claims 1 to 12, wherein the antireflective layer

is made up of compound films stacked with different

cempositions.

14. The method of fabricating photomask blank accerding to

any one of claims 1 to 13, wherein the antireflective layer

has a thickness of 15 nm to 30 nm.



42 ABSTRACT PHOTOVASK BLANK, PHOTOVASK AND METHOD FOR
PRODUCI NG THOSE A netal filmis provided as a |light
shielding | ayer (12) on one principle surface of a
phot omask substrate (11). The nmetal film cannot be
substantially etched by chlorine-based dry etching
cont ai ni ng oxygen ((d + 0)-based dry etching) and
can be etched by chlorine-bas®edl dry etching not
cont ai ni ng oxygen (Cl-based dry etching) and
fluorine-based dry etching (F-based dry etching). On
the light shielding layer (12), a netal conpound film
as an antireflective | aymgTKAS). The netal conpound
filmcannot be substantially etched by chlorine-based
dry etching not containing oxygen (C based) and can

pheTEUESE it dipAshasrealb pRirabbneoRaseebElt ING THOSE

et ching containing oxygen ((C + 0) based) and
fluorine-based dry etching (F based). Fig. 2

A metal film is provided as a light shielding layer (12) on
one principle surface of a photomask substrate (11). The
metal film cannot be substantially etched by chlorine-based
dry etching containing oxygen ((Cl + O)-based dry etching)
and can be etched by chlorine-based dry etching not
containing oxygen (Cl-based dry etching) and fluorine-based
dry etching (F-based dry etching). On the light shielding
layer (12), a metal compound film as an antireflective
layer (13). The metal compound film cannot be
substantially etched by chlorine-based dry etching not
containing oxygen {Cl based) and can be etched by at least
one.of chlorine-based dry etching containing oxygen ({({ClL +

0) .based) and fluorine-based dry etching (F based).

Fig. 2



